The same mechanisms that allow us to receive a benefit from self-reference may, however, also contribute to self-related false memory. As we age, accurate recall decreases while false memory, remembering an event that never happened or misremembering the details of an event, increases and this pattern is even stronger in MCI-AD (Balota et al., 1999) . Given this increased risk of false memory, the deeper processing believed to play a role in selfreference may trigger an increase in associations and increase false memory, particularly in MCI-AD. Self-reference may also increase false memory because the self is well known and information connected to the self may be processed more fluently. Although this is typically seen as a mechanism that facilitates the use of the self in memory (Symons & Johnson, 1997) , increased fluency of processing may contribute to false memory (Rogers, Rogers, & Kuiper, 1979) , particularly with age (Rosa & Gutchess, 2013) . When information is fluently processed due to selfrelevance, it is likely to create a sense of familiarity or feelings of having been previously encountered (Jacoby & Whitehouse, 1989) , and these feelings of familiarity may serve to increase the intrusions that lead to false memory (Gallo, Cotel, Moore, & Schacter, 2007) . Familiarity could also lead to an increase in false memory in recognition if there is a sense of experience with a word or object and there is not a more recognizable option. Although familiarity may contribute to false memory in healthy older adults (Gallo, Cotel, et al., 2007) , people with MCI-AD are less able to utilize recollection to oppose familiarity (Pierce, Sullivan, Schacter, & Budson, 2005) . People with MCI-AD demonstrate a more liberal response bias, a greater tendency to respond "old" on a memory test (Balota, Burgess, Cortese & Adams, 2002) , and familiarity may increase this bias (Deason, Hussey, Ally, & Budson, 2012) . Therefore familiarity may lead people to say new information is old and likely poses an increased risk of false memory in those with MCI-AD (Budson, Daffner, Desikan & Schacter, 2000) .
The present study expands on previous work by exploring the role of self-reference on false memory among people with cognitive impairment due to MCI-AD. Previous research (Rogers et al., 1979; Rosa & Gutchess, 2013) has shown an increase in false memories as information is more self-descriptive, however this effect has not been tested in people with cognitive impairment. Self-reference may increase the familiarity of information in such a way that the fluency, or ease of access, of the information increases as well (Jacoby & Whitehouse, 1989 ). This increase in familiarity and fluency may lead participants to believe new self-related information is old and result in increased false alarms. While older adults are already at risk for increased false memory (Schacter, Koutstaal, & Norman, 1997) , older adults with MCI-AD are even more vulnerable (Balota et al., 1999; Gallo et al., 2006) . Therefore, we expected that the increase in false alarms as a result of self-reference would be even greater for MCI-ADs than control participants.
Method Participants
Twenty-three participants (12 men, 11 women) with a clinical diagnosis of MCI-AD pathophysiologic process (Albert et al., 2011) and 27 (11 men, 16 women) healthy older adults are included in all analyses. Participation took place in the participant's home or at Brandeis University.
As shown in Table 1 , MCI-ADs performed worse than control participants on all tests of cognitive functioning (Adjutant General's Office, 1944; Folstein, Folstein, & McHugh, 1975; Mack, Freed, Williams, & Henderson, 1992; Monsch et al., 1992; Morris et al., 1989) .
Materials
Two lists were created using a list of adjectives rated for likability (Anderson, 1968 ). An equal number of positive and negative words were selected from the extreme ends of the ratings to create two lists (old and new) of 120 words each and were equated for likability. Words contained an average of 9.15 letters and the mean frequency score was 17.04 (Kúcera & Francis, 1967) .
Procedure
Participants rated 60 adjectives for self-descriptiveness ("I am") and 60 adjectives for commonness ("How commonly is the word used") on a 6-point scale (1 ϭ this word never describes me/this word is never used; 6 ϭ this word always describes me/this word is always used) either verbally with a key press made by the experimenter (MCI-ADs) or with a key press (control participants). Adjectives were presented for 6 s, followed by a blank screen for 1 s. Conditions alternated, with blocks of 7 to 8 words per reference condition. A fixation cross appeared between each block to indicate a change in condition. Following a retention interval, participants completed a surprise, self-paced recognition test comprising the previously seen 120 words as well as 120 new lures. Participants indicated either verbally (MCI-ADs) or using a key press (control participants) whether each word was "old" or "new" to denote whether the word was seen during the encoding. Finally, participants rated the 120 new lure words for selfdescriptiveness using the same scale used at encoding. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Results

Scoring
To minimize missing data in the event that some participants did not use all values on the scale, ratings were collapsed (1-2 ϭ "low," 3-4 ϭ "middle," 5-6 ϭ "high"). See Table 2 for proportion of items in each category.
1
Hits
Hit rates were calculated as a proportion of correctly recognized old items within each reference condition at each rating level.
Using a factorial analysis of variance (ANOVA) with group as the between-subjects variable and reference (self/common) and rating (low/middle/high) as within subject variables, there was a main effect of reference, F (1, 40) There was no significant difference between the low and middle levels (p Ͼ .10). There were no significant interactions involving rating (ps Ͼ .10). There was no main effect of group and no interaction involving group (ps Ͼ .10).
On the basis of previous work in which healthy older adults demonstrated a higher hit rate in the self condition relative to common (Rosa & Gutchess, 2013) , we ran separate analyses for each group to determine if the previous pattern could be replicated. As shown previously, control participants exhibited a main effect of reference, F(1, 23) ϭ 7.28, p ϭ .01, p 2 ϭ .24, such that self led to higher hit rates (M ϭ .74, SD ϭ .01, 95% CI [.69, .78]) than common (M ϭ .64, SD ϭ .01, 95% CI [.56, .73]), but the same was not true for MCI-AD patients even when differences in cognitive ability were controlled for using Mini-Mental State Examination (MMSE) as a covariate (p Ͼ .10). Although the patients also did not show a main effect of rating when controlling for MMSE (p Ͼ .10), there was also a main effect of rating among control participants, F(2, 46) ϭ 6.31, p ϭ .004, p 2 ϭ .22, with words in the high rating leading to more hits (M ϭ .75, SD ϭ .14, 95% CI [.69, .80 
False Alarms
We hypothesized that false alarms would increase along with self-descriptiveness, particularly for MCI-AD patients. To test this, false alarms were calculated as the proportion of new items incorrectly called "old" within each condition at each rating level. A factorial ANOVA with group as the between-subjects variable 1 We also examined the distribution of ratings across the groups to evaluate whether patients and control participants differed in their ratings. Focusing on differences between the two groups, there was a main effect of group, F(1, 48) ϭ 20.44, p Ͻ .001, p 2 ϭ .11, with control participants rating more words in the high category (M ϭ .33, SD ϭ .04) than patients (M ϭ .29, SD ϭ .04). There was a significant interaction between condition and group, F(1, 48) ϭ 9.48, p ϭ .003, p 2 ϭ .17, with control participants rating words in both conditions in a similar manner (self: M ϭ .33, SD ϭ .04 vs. common: M ϭ .33, SD ϭ .05) whereas patients rated more words as high in the self condition (M ϭ .29, SD ϭ .04) than in the common condition (M ϭ .28, SD ϭ .05). There was also a marginal interaction between rating and status F(1, 96) ϭ 2.84, p ϭ .06, p 2 ϭ .06. It appears as though control participants rated more words in the high-rating level (M ϭ .41, SD ϭ .23), whereas patients used the middle category more (M ϭ .35, SD ϭ .23). There was no interaction among group, condition, and rating, p Ͼ .10. Despite these slight differences in patterns, both groups distributed their responses rather evenly across the high, medium, and low levels, which allows us to compare memory performance for patients and control participants using these bins of items. Table 2 ). There was also the predicted main effect of rating, F(2, 64) ϭ .60, but there was no significant difference between the low and middle levels (p Ͼ .10). Despite the hypothesis that self reference would lead to higher false alarm rates than the common condition for words rated as highly self-relevant, especially for MCI-AD patients, there was no main effect of reference and there were no significant interactions (ps Ͼ .10).
We again used MMSE as a covariate for patients and looked at each group separately to assess convergence with prior studies. For both control participants, F(2, 30) ϭ 9.02, p ϭ .001, p 2 ϭ .38, and patients, F(2, 20) ϭ 3.47, p ϭ .04, p 2 ϭ .19, there was a main effect of rating reflecting the same pattern described above. There was no main effect of reference and no interactions for either group (ps Ͼ .10).
Corrected Recognition
Corrected recognition scores were calculated by subtracting the proportion of false alarms from the proportion of hits for each rating level, to test whether there was a difference in memory accuracy across conditions as an effect of self-reference. It was expected that increases in false alarms would diminish overall memory performance as rating increased, particularly in the self condition relative to common. To test this, a factorial ANOVA with group as the between subject variable and reference (self/ common) and rating (low/middle/high) as the within-subject variables indicated a main effect of group with control participants demonstrating better memory (M ϭ .36, SD ϭ .20, 95% CI [.31, .42]) than MCI-AD patients (M ϭ .19, SD ϭ .24, 95% CI [.13, .24]), F(1, 29) ϭ 20.28, p Ͻ .001, p 2 ϭ .41. There was a significant interaction between group and condition, F(1, 29) ϭ 4.62, p ϭ .04, p 2 ϭ .14, that is driven by the differences between the self and common conditions for the control participants. When the two groups are analyzed separately, as seen in Figure 1 , control participants exhibited a main effect of reference, F(1, 15) ϭ 5.57, p ϭ .03, p 2 ϭ .27, such that self led to better memory (M ϭ .43, SD ϭ .20, 95% CI [.35, .51]) than common (M ϭ .29, SD ϭ .23, 95% CI [.20, .39]), but the same was not true for MCI-AD patients even when differences in cognitive ability were controlled for using MMSE as a covariate (p Ͼ .10). Neither group showed a main effect rating or any interactions when looking at control participants and when controlling for MMSE among patients (ps Ͼ .10). Last, although there was no main effect of rating (p Ͼ .10), there was a marginal interaction between rating and reference, F(2, 58) ϭ 2.57, p ϭ .09, p 2 ϭ .08. This interaction appears to be driven by differences within the self condition. As shown in Table  2 , in the common condition, performance is relatively flat across the three rating levels but in the self condition, as expected, memory for words in the low and middle rating levels was better than memory for words in the high rating. Looking just at the self condition, high significantly differs from the low, F (1, 29) there is no difference between the low and middle rating conditions (p Ͼ .10). In the common condition, there are no significant differences between any of the rating levels (ps Ͼ .10).
Response Bias
On the basis of previous work demonstrating that response bias can influence memory performance, particularly for MCI-AD patients (Deason, Hussey, Ally, & Budson, 2012) , c values were calculated to test for differences between MCI-AD patients and control participants. Negative c values indicate a bias to say "yes," whereas positive values indicate a "no" bias. A factorial ANOVA with group as the between-subject variable and reference condition (self/common) and rating (low/middle/high) as the within-subject variable indicated a main effect of reference, F(1, 30) ϭ 3.21, p ϭ .08, p 2 ϭ .10, such that though there was an overall bias to say "yes" in both conditions, this was more pronounced in the self This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Again exploring the two groups separately, we see differences between the patient and control groups in response bias. When we use MMSE as a covariate to control for differences in cognitive ability in the patient group, we find a marginal effect of rating, F(2, 26) ϭ 2.75, p ϭ .09, p 2 ϭ .17, that mirrors the pattern described above and a marginal interaction between reference and rating, F(2, 26) ϭ 3.04, p ϭ .07, p 2 ϭ .19, that appears to be driven by a stronger "yes"; bias in the self condition, particularly at the low and high rating levels. There was no main effect of reference (p Ͼ .10). For control participants, there is a main effect of reference, F(1, 15) ϭ 3.47, p ϭ .08, p 2 ϭ .19, and a main effect of rating, F(2, 30) ϭ 11.90, p Ͻ .001, p 2 ϭ .44, that follow the above pattern. There was no interaction between the two (p Ͼ .10).
Discussion
Unlike previous studies (Kalenzaga et al., 2012; Kalenzaga & Clarys, 2013) , MCI-AD patients in the present study did not show a self-reference benefit for hits. In fact, hit rates appear similar in the self and common conditions. MCI-AD patients also do not exhibit an increase in hits across rating levels in the same way as control participants. In contrast, control participants show a selfreference benefit, with an increase in hits in the self condition relative to the common condition, as seen in previous work (Rosa & Gutchess, 2013) . For false alarms, whereas MCI-AD patients commit more false alarms as predicted, we also expected that false alarms would be higher in the self condition but there was no difference between the self and common condition indicating that self-reference does not necessarily lead to an increase in false alarms. Therefore, MCI-AD patients, when compared with control participants, do not seem to be at a greater risk of false alarms for self-related information.
For corrected recognition, the self-reference benefit to hits is maintained for control participants in the self condition when control participants are examined alone, with better memory performance in the self condition than in the common condition. Therefore, for control participants, self-reference potentially provides the expected benefit to memory through an increase in hit rates without an associated increase in overall false alarms. For MCI-AD patients, corrected recognition indicates that selfreference may not be benefitting memory, but it is also not hurting memory through an increase in false alarms. Given the lack of benefit to correct recognition, it is possible that MCI-AD patients are not using the self in memory in the same way as seen in control participants. On the basis of previous work (Kalenzaga et al., 2012; Kalenzaga & Clarys, 2013; Rosa et al., 2014) , it was initially hypothesized that self-referencing may build upon intact memory for self-relevant information such that MCI-AD patients would have better memory for self-related new information. However, self-reference may benefit people with MCI-AD in some situations more than others. In our previous work, we found that self-reference benefits people with MCI-AD in that they are less likely to falsely claim an item as being self-related (Rosa et al., 2014) . In a Remember/Know/Guess paradigm, colleagues (2012, 2013) found a self-reference benefit with no significant differences between patients and control participants in correct "remember" responses but not for "know" responses. It is possible participants in the present study similarly felt more confident in their memory for some items than others and when these items are pooled together, the benefits seen in "remember" responses are diminished by performance in the "know" responses.
Uncertainty in memory may lead to an increase in reliance on gist among people with MCI-AD. As shown in previous research, reliance on gist can hurt performance in people with Alzheimer's disease Gallo et al., 2006; Pierce et al., 2005) . Cognitively impaired individuals may have been swayed by a general memory of having seen self-related information. Lacking specific memory of the information, they may have utilized gist and a feeling of familiarity to make their decision. However, for control participants, it is possible that reliance on gist helps to distinguish between old and new stimuli and contributes to accurate memory. Control participants may be better able to utilize this general memory to differentiate stronger and weaker feelings of familiarity. People with MCI-AD may experience greater difficulty with this and as a result experience an increase in false memories. Because the increase in false alarms is seen in both the self and common condition for MCI-AD patients, we conclude that MCI-AD does not make one particularly prone to an increase in false alarms as a result of self-referencing. Contrary to our predictions, self-referencing does not pose a greater threat for the overall memory performance of MCI-AD patients in the present task.
The group differences in memory performance in the present study may also be better understood by considering response bias. Results indicate that items in the self condition evoke a stronger "yes," or "old," bias for both control participants and MCI-AD patients. In fact, across all conditions, MCI-AD patients follow a pattern that is similar to the control participants, although somewhat more exaggerated at the middle and high rating levels. Although people with MCI-AD demonstrated a stronger response bias to say "old," particularly in the self condition, this was not reflected in higher false alarms to words connected to the self relative to other conditions. In fact, false alarm rates were similar across both the self and common condition for MCI-AD patients. The difference between the two groups seems to manifest in how this response bias influences memory performance. For control participants, this bias results in higher hit rates while for MCI-AD patients it is more likely to result in false alarms. Given that people with Alzheimer's disease are typically more prone to false alarms than healthy control participants (Balota et al., 1999) , this seems to indicate that control participants are better at discriminating between old and new information than MCI-AD patients. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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FALSE MEMORY AND MCI-AD
The present study is limited in that the neuropsychological scores of the MCI-AD groups were relatively high, indicating the present findings may not be representative of patients with more significant impairment. However, neuropsychological scores were significantly different between the MCI-AD and control groups indicating that the two groups did differ in cognitive ability. While it is possible that people with more advanced Alzheimer's disease may experience more memory errors and fewer benefits related to self-reference, the differences found in the present study do serve to shed some light on the role of cognitive impairment on the use of self-reference. This is important, as patients at the earliest stages of impairment, such as mild cognitive impairment, would be the most likely to benefit from memory strategies, such as selfreferencing.
Previous work has suggested that self-referencing can be a beneficial strategy for people with Alzheimer's disease, however this previous research has utilized a Remember/Know paradigm and benefits have been shown in remember judgments (Kalenzaga et al., 2012; Kalenzaga & Clarys, 2013) . Our procedure also differed in that participants were required to frequently switch between the two encoding conditions. Although the control task of commonness judgments had been used successfully in prior work (Rosa & Gutchess, 2013) , it is possible that the task invoked the self to some degree, particularly among those with MCI-AD. This potential overlap across conditions may have detracted from the self-related benefits found by others (Kalenzaga et al., 2012; Kalenzaga & Clarys, 2013) . Future work should explore the use of other control tasks that may better differentiate between the self and not self in people with cognitive impairment.
Adding to previous work, the present study indicates that selfreference does not consistently aid memory for people with MCI-AD, as patients do not show an advantage for self-related information over the common condition. While cognitively healthy older adults receive an overall boost in memory when information is connected to the self, people with cognitive impairment do not appear to be experiencing the benefits associated with selfreference. However, an advantage to this lack of a self-reference effect in memory is that self-referencing also does not lead to a disproportionate increase in false alarms. This is striking because people with MCI-AD tend to experience higher rates of false alarms compared to control participants on many memory tasks. Thus, connecting information to the self does not harm memory nor does it add to an already elevated risk of memory error for MCI-ADs.
